The organic molecule tenoxicam and similar derivatives, piroxicam and isoxicam have been studied by quantum chemical theory (DFT), FT-Raman and FT-IR. By FMOs energies the charge transfer inside the molecules are obtained. The UV-Vis spectra of the compounds are simulated to study the electronic transition in the target molecules. By using natural bond orbital (NBO), charge delocalization analyzes arising from hyper conjugative interactions and the stability of the molecules are obtained. First order hyperpolarizability of piroxicam is higher than that of isoxicam and tenoxicam. The reactive areas are thoroughly studied by MEP. Prediction of Activity Spectra gives activities, anti-inflammatory, CYP2C9 substrate and gout treatment. Docked ligands form a stable complex with the receptors.
Introduction
Oxicams are enolcarboxamides that exhibit number of pharmacological properties and effective for postoperative pain, arthritis, degenerative joint diseases and osteoarthritis [1] . Tenoxicam is a nonsteroidal anti-inflammatory drug that is a part of the oxicam family and it can be used as an effective analgesic and antipyretic agent [2] . Piroxicam possess multifunctional activity including chemoprevention and its photochemical properties are sensitive to medium [3, 4] . Tamasi et al. [5] reported the synthesis and DFT studies of oxicam complexes. By giving the mol files of tenoxicam, piroxicam and isoxicam in the software it predicts different biological activities. Literature survey shows that there is no detailed study done on the molecules both quantum chemical and experimental spectroscopic studies which are very essential for micro level function of any organic compounds. The structural and physio-chemical properties of the compounds can be found out by spectroscopic and quantum computational tools like Density Functional Theory. These structural and physio-chemical properties can be used to establish relationships between these properties and biological activity of the compound [6] . Due to a large number of applications of NLO materials in optoelectronic technology, the molecules have been analyzed for their hyperpolarizability [7] . Several properties like highest occupied molecular orbital, lowest unoccupied molecular orbital energies, various chemical descriptors, molecular electrostatic potential analysis are carried out to provide information about charge transfer within the molecules. The spectral analysis of tenoxicam, piroxicam and isoxicam are performed and compared with theoretical values. The redistribution of electron density are investigated.
Calculation
All calculations are performed using the Gaussian09 software package [8] . DFT method was employed using B3LYP functional and cc-pVDZ (5D, 7F) basis set. Results from frequency calculations after scaling were used to get the IR spectral data, which is compared with the experimental spectral vibrations [9] . By using the TD-DFT method the electronic properties of the molecules ( Fig. 1 ) determined using CAM-B3LYP functional and cc-pVDZ basis set. The spectral data are obtained from Bio-Rad Laboratories, Inc. SpectraBase [10] .
Results and discussions

Natural bond orbital analysis
NBO analysis provides information about various hyper conjugative interactions and intermolecular charge transfer between bonding and antibonding orbitals. In the current work the analysis has been done using DFT method at B3LYP/cc-pVDZ (5D, 7F) level. The stabilization energy forms an important characteristic in this analysis and higher this energy, greater will be the interaction between the electron donors and hence greater the extent of conjugation. Intra molecular interactions are very much important in predicting the stability and reactivity of the target molecules [11] . To study intra and inter-molecular non-bonded interactions the NBO is the efficient method for organic and bio-molecular compounds [12] . Based on the second order perturbation theory the important donor-acceptor interactions are calculated. The important interactions are: For tenoxicam: The strong interactions are N8→π*(O6-C16), N8→π*(C18-C19), O6→ σ*(N8-C16), O5→π*(C11-C13), O4→ σ*(S1-C10), O4→ σ*(S1-O3), O3→ σ*(S1-C10), O3→ σ*(S1-O4), S2→π*(C14-C17), S2→π*(C10-C12), C18-C19→π*(C20-C22), C18-C19→π*(N9-C21), C11-C13→π σ*(N7-C16), O4→π*(C11-C12), O3→ σ*(S1-N6), O3→ σ*(S1-C9), O2→σ*(S1-N6), O2→ σ*(S1-C9), C19-C20→π*(N8-C22), C19-C20→π*(C21-C23), N8→π*(O5-C17), N8→π*(N9-C20), O6→π*(N9-C20), O6→π*(C21-C22), O5→ σ*(N8-C17), O4→π*(C12-C13), O3→ σ*(S1-N7), O2→ σ*(S1-N7),
O2→
σ*(S1-O3),
σ*(S1-C10),
C21-C22→π*(N9-C20), C12-C13→π*(O5-C17), C10-C14→π*(C11-C16) with energies, 74. 
Electronic spectra and NLO properties
The 3D diagrams of HOMO and LUMO are shown in Fig. 2 . HOMO represents the donating nature of an electron and LUMO represent accepting nature of electrons [13] . HOMO [14] these compounds have high softness nature. The low value of the electrophilicity index suggests the biological activity of the compounds. Nonlinear optical studies are an important part in the present world of researchers as NLO active materials find applications in telecommunication, potential applications in modern communication technology, optical signal processing and data storage [15] . Molecular based nonlinear optical behavior (NLO) materials have current attention and great importance because they involve new technical phenomena owing to the emerging application in electronic devices [16] . [17] . These values show that the title compounds are an important class of compounds in the rank of NLO materials [18] . Electronic transitions in a molecule usually happen in the UV and Visible region of the electromagnetic spectra. Being a time dependent phenomena, original DFT treatment could not explain this phenomenon which involves a change in the electric field of the radiations. For that time dependent density functional theory, known as TDDFT is used to simulate the electronic spectra of the compounds. Long range corrected density functional-CAM-B3LYP is used in this study with the generic 6-31G(d) basis set in methanol solvent cage as provided in the PCM solvation model [19] . In the case of tenoxicam, the DOS spectra show no unusual overlap in the frontier molecular orbitals. Simulated UV spectrum shows two strong excitations at 336.76 nm and 263.69 nm with oscillator strength 0.7602 and 0.103 respectively. The former may be due to the pi to antibonding pi orbital transitions and it is found that HOMO to LUMO transition contributes 75% to it followed by HOMOI-1 to LUMO (21%). The second transition can be attributed to the lone pair to antibonding orbital interactions, hence of low intensity. Data shows that this transition is due to HOMO-LUMO (14%), HOMO-1 to LUMO (60%) and HOMO-3 to LUMO (11%). For the compound pyroxicam, the one dominant transition was at 310 nm with oscillator strength 0.8658 due to the HOMO-1 to LUMO (21%) and HOMO to LUMO (74%), which is due to the pi to pi antibonding transition. There are other two less intense transitions too at 265.48 and 253.00 nm originating from the antibonding orbitals. Isoxicam shows an intense peak at 304.81 nm with intensity 0.6978 and can be attributed to HOMO to LUMO (91%) and HOMO-1 to LUMO (4%). There is another low intense transition originating from the lone pairs at 262.10 nm with oscillator strength of 0.0262.
Molecular electrostatic potential
MEPs map of the title compounds are shown in Fig. 3 [20] . The various surfaces of the molecule are having different electrostatic potentials and are in different colors. The negative spots are represented by red, blue is the regions of the positive and the green gives zero potential. From the diagram we can see that the negative portions are near the oxygen atoms and the N atom in the ring for all the compounds. The positive areas are around the NH groups. In this molecule, the negative regions attract proton from the amino acids or protein. These active sites are evidence of the biological activity of the title molecules.
IR and Raman spectra
Bands (Table 2) at 3390 (IR), 3411 (DFT) for tenoxicam, 3400 (IR), 3409 (DFT) for piroxicam and 3290 (IR), 3300 (Raman), 3417 (DFT) for isoxicam are assigned as the NH stretching modes [21] . The υC¼O is assigned at 1610 (IR), 1605 (Raman), 1614 (DFT) for tenoxicam, 1640 (IR), 1615 (Raman), 1617 (DFT) for piroxicam and 1630 (IR), 1624 (DFT) for isoxicam [21] . The downshift of these NH and C¼O modes are due to strong hyper conjugative interactions as given by NBO analysis. The C¼C stretching modes are assigned at 1422 (IR), 1500, 1429 (Raman), 1501, 1422 (DFT) for tenoxicam, 1600 (IR), 1600 (Raman), 1598 (DFT) for piroxicam and at 1608, 1600 (IR), 1603 (Raman), 1606, 1590 (DFT) for isoxicam [21] . The SO2 stretching modes are assigned nearly at around 1251 (IR) and 1250 (DFT) for all the three molecules [21] . The CS stretching mode are observed at 785, 653 (tenoxicam), 631 (piroxicam), 632 (isoxicam) in IR, 668, 645 (tenoxicam), 640 (piroxicam and isoxicam) in Raman spectrum [21] . All the experimentally observed bands are identified as assigned.
Molecular docking
PASS (Prediction of Activity Spectra) [22] gives (Table 3) activities, anti-inflammatory, CYP2C9 substrate and gout treatment (activity values 0.934, 0.904 and 0.898. Receptors, 3DY9, 4NZ2 and 2AYR were obtained from the protein data bank website. PatchDock Server is used for docking purpose [23, 24, 25, 26] .
For the protein 3DY9: the amino acid interactions are: Amino acid
His129 forms H-bond with methylene while Phe13 has π-sulfur interaction with SO 2 group. Lys132, Lys136 having π-alkyl interaction with pyridine ring and Trp37 shows two π-sulfur interaction with sulphur atom of the thiophene ring for tenoxicam; Lys149 forms H-bond with SO 2 and Lys150, Ala275 having π-alkyl bond with pyridine ring for piroxicam and Lys149, Gly130, His129 forms H-bond with carbonyl group, SO 2 group, methyl group respectively while Tys139, Lys136, Lys132 shows π-π-T shaped, alkyl, π-alkyl interaction respectively with the ligand for isoxicam.
For the protein 4NZ2: The residues of Lys421 forms H-bond with methylene and OH while Asp349 shows π-anion interaction with pyridine ring. Lys420, Lys421, Lys423 having π-alkyl interaction with pyridine and phenyl ring where as Phe419 shows π-sulfur interaction with SO 2 group for tenoxicam; Lys421 forms H-bond with SO 2 and methyl group as well as π-alkyl interaction with pyridine ring. Lys150, Ala275 having π-alkyl interaction with phenyl ring. His353, Lys420 shows π-π-T shaped, π-alkyl interactions respectively with pyridine whereas Phe419 has a π-sulfur interaction with SO 2 group for piroxicam and Amino acids Asp414, Asp349 forms π-anion interaction and Arg342 shows π-alkyl interaction with phenyl ring. Lys423, Lys421 shows π-alkyl interaction respectively with the isoxicam. For the protein 2AYR: The residues of amino acid Gly390, Trp393
forms H-bond with C¼O and OH while Glu323, Glu353 shows π-anion interaction with thiophene ring and pyridine. Trp393 forms π-sulfur interaction with sulphur atom and Pro324 having π-alkyl interaction with SO 2 group for tenoxicam; Amino acids Ile326, Gly390, Trp393 forms H-bond with sulphur atom, C¼O, OH group respectively while Glu323, Glu353 shows π-anion interaction with pyridine. Pro324, Met357 having π-alkyl interaction with pyridine ring whereas Ile326, Lys35 gives π-sigma, π-alkyl interactions respectively with phenyl ring for piroxicam and Amino acids Glu323 forms H-bond with OH while Arg394 has π-cation interaction with phenyl ring. Leu320, Trp393 having π-alkyl with methyl and Pro324 forms π-alkyl interaction with SO2 group for isoxicam. The plot of docked ligand with receptors is shown in Fig. 4 and the docked ligand at the active site of receptors are given in Fig. 5 . The docked ligands form a stable complex (Fig. 5 ) with these receptors with lowest ten minimum conformation of Patch Dock Energy values are tabulated in Table 4 . From atomic contact energy value of isoxicam is high in comparison with that tenoxicam and piroxicam and hence isoxicam forms more stable complex with 3DY9, 4NZ2 and 2AYR. For tenoxicam, isoxicam and piroxicam atomic contact energy is high for the protein 2AYR and has high affinity in comparison with other two proteins. The results show that the molecules have inhibitory activity against these receptors.
Conclusion
The spectroscopic analysis of tenoxicam, piroxicam and isoxicam are reported. The theoretical normal modes of vibrations based on DFT theory has been investigated and compared with the experimental values. NBO analysis was carried out on the molecule to find the interactions and found that these compounds are highly stable due to hyperconjugative interactions. Simulated electronic spectra show that there is an intense peak in red shift region due to pi to anti-bonding π-electron transition and a weak peak due to lone pair to anti-bonding orbital transition. The lower value of HOMO and LUMO energy gap describes the stability and biological activity of the tenoxicam, piroxicam and isoxicam compounds. Reactive sites were obtained from MEP, which indicates that there are enough sites for nucleophilic and electrophilic interaction in the molecules, which is very important to show biological activities. Finally the molecular docking shows the ligands have good pharmacological properties with the proteins. From atomic contact energy and global energy values more stable complex are identified.
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